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Gait and gait related mobility are among the most important factors for the quality of life of
patients suffering from Parkinson’s disease (PD). In most patients gait and gait related mobility will
first lead to patients having to undergo physiotherapy. For gait training in PD there are a variety of
evidence-based andwell-established therapies. Among such therapies are Nordic walking, treadmill
training, dancing, and amplitude training. All of these have proven to be effective in randomized
controlled studies (Tomlinson et al., 2013).
One approach that was among the first that had been studied clinically is rhythmic auditory
stimulation (RAS). RAS is a therapeutic training technique derived from the concept of neurologic
music therapy. In this methodology, music or acoustic stimuli are used and shaped in order to
enhance bodily functions such as cognition, speech, or movement (Thaut and Hoemberg, 2014).
In RAS rhythmical stimuli or music are used to address and improve gait and gait related issues
(Thaut and Rice, 2014).
Music with embedded metronome pulsation has been shown to be most effective in cueing
movements. In comparison to single-pulse rhythmic stimulation (like from ametronome) response
variability and synchronization offset are markedly reduced. This applies to the frequency range
60–120 bpm, which is relevant for gait training and also other gross and fine motor functions
(Thaut et al., 1997). In an experimental study PD patients exhibited spontaneous improvements
in gait velocity, cadence, and stride length through the use of functional music with an embedded
metronome. A close synchronization between rhythm and step frequency suggested that there was
evidence of rhythmic entrainment (McIntosh et al., 1997).
Thaut and colleagues demonstrated in 1996 the effectiveness of a 3-week home based training
protocol. Thirty-seven PD patients (at Hoehn and Jahr, 2.5) had been randomly assigned to either
RAS with functional training music, self-pacing gait training or no training at all. RAS training
consisted of 30min of daily gait exercises (walking on a flat surface, stair stepping, stop-and-go)
with functional music. Music tempo was increased twice within each session by 5–10%.The initial
tempo which was derived from the patients normal cadence (100 steps/min = 100 bpm) was also
set 5–10% higher every week. The limit for tempo increase was set to 130 bpm. The RAS group
improved significantly in velocity (25%) and step cadence (10%) compared with the self-pacing
training group (velocity increase of 7%; Thaut et al., 1996).
To this day the work of Thaut and colleagues, in which functional music was used for optimizing
gait training in PD patients, has not been reproduced in a randomized and controlled study.
Nonetheless in the Cochrane review from 2013 RAS is listed as one of the profoundly evaluated
gait training techniques (Tomlinson et al., 2013). This counts mainly for the cueing intervention
with metronome, as evidence for the use of music is still scarce.
A second randomized and controlled clinical trial with musically stimulated gait training that
was included in the review by Tomlinson et al. reveals profound methodological differences to the
RAS technique. In this study by de Bruin, the music was chosen according to patients preference
rather than functional criteria. The exercises were not focused on specific therapeutic issues, and
most crucially the tempo of music—in Thaut’s work the main component of the intervention—
varied±15 bpm from the habitual walking step frequency and was not systematically increased (de
Bruin et al., 2010).
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It can be stated that there is a lack of sufficient evidence
regarding the gait training of PD patients using functionally
optimized music. Besides the characteristics of the stimulus
(music vs. metronome) the adjustment of tempo in the acoustic
stimulation is critical for the therapeutic success.
The optimal stimulation tempo for gait training with RAS is
described in several works as 10% above the habitual walking
cadence. At this tempo stride length and gait velocity are instantly
pushed to an optimal level, while stride-to-stride variability is
reduced and dynamic equilibrium is enhanced (Freedland et al.,
2002; Willems et al., 2006; Hausdorff et al., 2007; Arias and
Cudeiro, 2008, 2010).
Contrarian to this clinical practitioners described that
speeding up can lead to a worsened initial heelstrike and provoke
a more unsafe walking pattern with smaller steps. This was
observed in patients with habitual cadences higher than 114 spm
(Mainka and Trebs, 2011). These patients in the clinical praxis
of the author often find it difficult to sense and regulate their
tempo of steps, and have difficulties positioning feet and torso.
In consequence of that accelerated and propulsively declined gait
patterns occur. This phenomenon is called festination of gait. The
question is whether and how can RAS be applied effectively to
this clientele.
Gait festination is described as sharing the same pathological
mechanisms as oral festination and freezing of gait (Moreau
et al., 2007). This phenomenon is likely to be associated
with impaired timing perception, cognitive decline (Riederer
and Sian-Hülsmann, 2012) and left-sided symptom dominance
(Flasskamp et al., 2012). Thus, for PD patients with a tendency
toward festination of gait it might be helpful to address the
timing regulation deficit in the RAS training programme. Due
to the practical experience of the author these patients benefit
from more controlled and measured movements. This can be
addressed and facilitated by use of functional music with reduced
tempo—namely 95–105 bpm according to the patients habitual
cadence (comp. Mainka and Trebs, 2011). This practice is in line
with an experiment focused upon PD patients suffering from
freezing of gait. Tempo reduction (−10%) through a metronome
led to a greater stride length (Willems et al., 2006).
The first clinical study referring to the therapeutic effects
of tempo reduction was presented by Benoit in 2014. Fifteen
PD patients trained daily for 4 weeks with adjusted functional
music. The study was carried out with an uncontrolled and
non-randomized one-armed design. The musical tempo was
set 10% plus or minus according to the optimal stride length
during the initial assessment. Through this paradigm seven
subjects practiced RAS with reduced cadence stimulation,
while the remaining eight were set to speed up. The whole
study sample showed significant improvements in stride length
and gait tempo that still persisted in the 1-month-follow-
up. Additionally patients also improved in specific perceptive
(duration discrimination and beat detection in musical excerpts)
and motoric (synchronization with isochronous sequences)
timing abilities that had not been trained explicitly (Benoit
et al., 2014). Further clinical studies, should highlight the
connection between perceptive-cognitive and motor decline and
its sensitivity to external tempo regulation.
It has been hypothesized that rhythm and music stimulation
might enhance or bypass impaired timing generation by
recruiting a cerebellar–thalamic–cortical network. The network
also involves the supplementary motor area. This indicates
that not only motoric, but also perceptive timing is activated
during rhythmic stimulation (Nombela et al., 2013). Music
with its integration of time organization (rhythm and meter),
attraction of attention (melody, specific sound cues, structure),
and emotional activation is likely to play a vital role in these
therapeutic issues.
The metronome offers the possibility of a practical and easy
tempo control. It is looked at as an objective technical device.
This may give the therapist and the patient a sense of functional
efficacy and task orientation. Would it be better to stick with
the “clean-and-easy” metronome instead of stirring up unwanted
feelings during the training?
No, for the majority of the patients it would not be better.
Only music affects human beings beyond timing related
mechanisms. There is neuro-anatomical evidence for a dopamine
release within healthy individuals as a response associated to
the experience of thrills during listening to one’s favorite music
(Salimpoor et al., 2011). Music instantly stimulates mobility and
coordination in PD patients (Bernatzky et al., 2004). The patients
are themselves quite clear what best helps them in their walking.
95.5% of 47 patients given the training decided to continue RAS
with functional music (German folk style) instead of metronome
after having tried both (Mainka, 2014). Music involves mental
processing, which can effectively be used for carry over effects
(e.g., continuing to hum or sing the melody; Satoh and Kuzuhara,
2008).
There are structural musical criteria for an optimal
stimulation of gait training (see Table 1 in Datasheet 1 of
Supplementary Material; comp. Thaut et al., 1996). The musical
style may be selected according to the patient’s preference.
This could hold for optimal training motivation and emotional
activation. It is noteworthy that themusical genre is exchangeable
and essentially independent from structural and physiological
functionality. Thus, the music may be rock, pop, folk, country,
hip hop, metal, jazz, or another genre as long as structural criteria
are incorporated.
The RAS gait training with music should be executed 3–5
times a week for 10–25min. When appropriate gait maneuvers,
stair stepping, stop-and-go exercises, or exercising with walking
sticks can be implemented (see Table 2 in Datasheet 2 of
Supplementary Material for potential therapeutic goals). With
a portable mp3 Walkman it can be carried out anywhere—on
the street, on the way to the supermarket, in park or in the
countryside. The combination treatment of RAS with Nordic
walking or treadmill training may open up additional therapeutic
indications, but should be administered carefully with regard to
the right stimulation tempo.
It is also important: clinical observations suggest that most
patients with atypical Parkinson syndromes do not benefit
from RAS. In these diseases (namely progressive supranuclear
palsy, multisystemic atrophy, normal pressure hydrocephalus,
subcortical arteriosclerotic encephalopathy, cortico-basal
degeneration, primary akinesia with gait freezing) impairment of
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audio-motor entrainment may be related to a more widespread
pathology. Thus, before starting RAS therapy it is worth
evaluating audio-motor entrainment and considering the likely
uncertainty of diagnosis.
Music with its physiological, aesthetic, and emotional
qualities may be a highly effective treatment tool for
people with Parkinson’s disease. Gait, and gait related
aspects, can be remedied through training in a joyful and
motivating manner, that stimulates muscles, mind and feelings
simultaneously.
ACKNOWLEDGMENTS
Special thanks to Rohan Berry Crickmar for brushing up
grammar and formulations of this article.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2015.01547
REFERENCES
Arias, P., and Cudeiro, J. (2008). Effects of rhythmic snsory stimulation (auditory,
visual) on gait in Parkinson’s disease patients. Exp. Brain Res. 186, 589–601. doi:
10.1007/s00221-007-1263-y
Arias, P., and Cudeiro, J. (2010). Effect of rhythmic auditory stimulation on gait
in parkinsonian Patients with and without freeezing of gait. PLoS ONE 5:e9675.
doi: 10.1371/journal.pone.0009675
Benoit, C.-E., Dalla Bella, S., Farrugia, N., Obrig, H., Mainka, S., and Kotz,
S. (2014). Musically cued gait-training improves both perceptual and
motor timing in Parkinson’s disease. Front. Hum. Neurosci. 8:494. doi:
10.3389/fnhum.2014.00494
Bernatzky, G., Bernatzky, P., Hesse, H. P., Staffen, W., and Ladurner, G. (2004).
Stimulating music increases motor coordination in patients aﬄicted with
morbus parkinson. Neurosci. Lett. 361, 4–8. doi: 10.1016/j.neulet.2003.12.022
de Bruin, N., Doan, J. B., Turnbull, G., Suchowersky, O., Bonfield, S., Hu,
B., et al. (2010). Walking with music is a safe and viable tool for gait
training in parkinson’s disease: the effect of a 13-week feasibility study on
single and dual task walking. Park. Dis. 2010:483530. doi: 10.4061/2010/
483530
Flasskamp, A., Kotz, S., Schlegel, U., and Skodda, S. (2012). Acceleration
of syllable repetition in Parkinsons’s disease is more prominent in the
left-side dominant patients. Parkinsonism Relat. Disord. 18, 343–347. doi:
10.1016/j.parkreldis.2011.11.021
Freedland, R. L., Festa, C., Sealy, M., McBean, A., Elghazaly, P., Capan, A., et al.
(2002). The effects of pulsed auditory stimulation on various gait measurements
in persons with Parkinson’s Disease. NeuroRehabiliation 17, 81–87.
Hausdorff, J., Jownthal, J., Herman, T., Gruendlinger, L., Peretz, C., and Giladi, N.
(2007). Rhythmic auditory stimulation modulates gait variability in Parkinson’s
disease. Eur. J. Neurosci. 26, 2369–2375. doi: 10.1111/j.1460-9568.2007.05810.x
Mainka, S. (2014). Survey on the Use of Music or Metronome for Gait Training
among Parkinson Patients. Singen: Dt. Gesellschaft Neurorehab. Unpublished
Conference Presentation.
Mainka, S., and Trebs, S. (2011). Rhythmisch-Akustische stimulation bei Morbus
Parkinson - Auditives Dopamin. Physiopraxis Thieme 9, 28–31. doi: 10.1055/s-
0031-1280585
McIntosh, G., Brown, S., Rice, R., and Thaut, M. (1997). Rhythmic auditory-
motor facilitation of gait patterns in patients with Parkinson’s diseaes. J. Neurol.
Neurosurg. Psychiatr. 62, 22–26. doi: 10.1136/jnnp.62.1.22
Moreau, C., Ozsancak, C., Blatt, J. L., Derambure, P., Destee, A., and Defebvre,
L. (2007). Oral festination in Parkinson’s disease: biomechanical analysis and
correlation with festination and freezing of gait. Movement Disorders 30,
1503–1506. doi: 10.1002/mds.21549
Nombela, C., Hughes, L. E., Owen, A. M., and Grahn, J. A. (2013). Into the groove:
can rhythm influence parkinson’s disease? Neurosci. Biobehav. Rev. 37(10 Pt 2),
2564–2570. doi: 10.1016/j.neubiorev.2013.08.003
Riederer, P., and Sian-Hülsmann, J. (2012). The significance of neuronal
lateralisation in Parkinson’s disease. J. Neural Transm. 119, 953–962. doi:
10.1007/s00702-012-0775-1
Salimpoor, V. N., Benovoy, M., Larcher, K., Dagher, A., and Zatorre, R. J. (2011).
Anatomically distinct dopamine release during anticipation and experience of
peak emotion to music. Nat. Neurosci. 14, 257–262. doi: 10.1038/nn.2726
Satoh, M., and Kuzuhara, S. (2008). Training in mental singing while walking
improves gait disturbance in parkinson’s disease patients. Eur. Neurol. 60,
237–243. doi: 10.1159/000151699
Thaut, C., and Rice, R. (2014). “Rhythmic Auditory Stimulation (RAS),” in
Handbook of Neurologic Music Therapy, eds M. Thaut and V. Hoemberg
(Oxford: Oxford Univ Press), 94–105.
Thaut, M. H., and Hoemberg, V. (2014). Handbook of Neurologic Music Therapy.
Oxford: Oxdord University Press.
Thaut, M. H., McIntosh, G. C., Rice, R. R., Miller, R. A., Rathbun, J., and Brault,
J. M. (1996). Rhythmic auditory stimulation in gait training for parkinson’s
disease patients.Mov. Disord. 11, 193–200. doi: 10.1002/mds.870110213
Thaut, M. H., Rathbun, J. A., and Miller, R. A. (1997). Music versus metronome
timekeeper in a rhythmic motor task. Int. J. Arts Med. 5, 4–12.
Tomlinson, C., Herd, C., Clarke, C., Meek, C., Patel, S., Stowe, R., et al. (2013).
Physiotherapy versus placebo or no intervention in Parkinson’s disease.
Cochrane Database Syst. Rev. CD002817. doi: 10.1002/14651858.CD002817.
Available online at: http://onlinelibrary.wiley.com/enhanced/doi/10.1002/
14651858.CD002817
Willems, A. M., Nieuwboer, A., Chavret, F., Desloovere, K., Dom, R., Rochester,
L., et al. (2006). The use of rhythmic auditory cues to influence gait
in patients with parkinson’s disease, the differential effect for freezers
and non-freezers, an explorative study. Disabil. Rehabil. 28, 721–728. doi:
10.1080/09638280500386569
Conflict of Interest Statement: The author declares that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2015 Mainka. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 3 October 2015 | Volume 6 | Article 1547
